Multidirectional wall shear stress promotes advanced coronary plaque development - comparing five shear stress metrics.
Atherosclerotic plaque development has been associated with wall shear stress (WSS). However, the multidirectionality of blood flow, and thus of WSS, is rarely taken into account. The purpose of this study was to comprehensively compare five metrics that describe (multidirectional) WSS behaviour and assess how WSS multidirectionality affects coronary plaque initiation and progression. Adult familial hypercholesterolemic pigs (n = 10) that were fed a high-fat diet, underwent imaging of the three main coronary arteries at three time points (3 (T1), 9 (T2) and 10-12 (T3) months). A 3D-geometry of the arterial lumen, in combination with local flow velocity measurements, was used to calculate WSS at T1 and T2. For analysis, arteries were divided into 3mm/45° sectors (n = 3648). Changes in wall thickness, and final plaque composition were assessed with near-infrared spectroscopy-intravascular ultrasound (NIRS-IVUS) and optical coherence tomography (OCT) imaging, and histology. Both in pigs with advanced and mild disease, the highest plaque progression rate was exclusively found at low TAWSS or high multidirectional WSS regions at both T1 and T2. However, the eventually largest plaque growth was located in regions with initial low time-averaged WSS or high multidirectional WSS, that, over time, became exposed to high time-averaged WSS or low multidirectional WSS at T2. Besides plaque size, also the presence of vulnerable plaque components at the last time point was related to low and multidirectional WSS. Almost all WSS metrics had good predictive values for the development of plaque (47-50%), and for advanced fibrous cap atheroma development (59-61%). This study demonstrates that low and multidirectional WSS promote both initiation and progression of coronary atherosclerotic plaques. The high predictive values of the multidirectional WSS metrics for fibrous cap atheroma development indicate their potential as an additional clinical marker for vulnerable disease. Wall shear stress (WSS) plays a key role in coronary atherosclerotic plaque development and destabilization. However, the multidirectionality of WSS is rarely taken into account. In this pre-clinical study, we demonstrated that both plaque initiation and progression were related to low and multidirectional WSS. Therefore, regions exposed to low and/or multidirectional WSS regions throughout disease development, continue to be at risk for further plaque progression. The high predictive values of almost all multidirectional WSS metrics for plaque progression and advanced plaque composition demonstrated the potential of multidirectional WSS as an additional predictive clinical marker for vulnerable disease.